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[57] ~ ABSTRACT

A system for stirring in continuous casting is formed by
an inductive stirrer which inductively stirs molten metal
in a continuously cast strand and at least one set of two
water-cooling pipes positioned in front of the stirrer and
having nozzles which eject water cooling-sprays
against the strand. The two pipes have ends extending
beyond the field and between their ends are electrically
isolated from each other and the stirrer. By electrically
interconnecting these ends outside of the field, the two
pipes form a closed electric loop in which currents
induced by the stirrers field cancel so that the net cur-
rent flow 1s zero and the stirrer’s field 1s not shielded

from the strand.

4 Claims, 6 Drawing Figures
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SYSTEM FOR STIRRING IN CONTINUOUS
CASTING

In continuous casting when starting a plug of solidi-
fied metal closes the open bottom of a continuous cast-
ing mold having an open top into which molten metal 1s
poured, the mold being cooled so as to form a skin of
solidified metal. The plug forms a cold front and the
skin containing unsolidified metal follows it through the
mold’s open bottom, downwardly in the form of a
strand which travels continuously as molten metal 1s
continuously poured into the top of the mold.

The unsolidified metal 1n the strand 1s stirred by a
multiphase inductive stirrer positioned opposite and
relatively close to the strand so that the stirrer inci-
dently receives heat radiated from the strand, and to
hasten complete solidification of the unsolidified metal
in the strand is sprayed by jets of water. The stirrer
obstructs the water jets so that opposite to that there 1s
no water jet cooling of the strand. The stirrer itself is
normally encased by a water cooled casing.

It is desirable to also spray the portion of the strand
traveling in front of the stirrer and one way to do this 1s
by positioning water-cooling pipes transversely in front
of the stirrer and having nozzles which eject water
cooling sprays forwardly towards and against the
strand stirred by the stirrer. The water-cooling pipes do
not require much space and can be positioned between
the front or face of the stirrer and the strand.

However, with the above arrangement the pipes are
directly in the traveling multiphase magnetic field pro-
jected by the stirrer and intended to go through the skin
of the strand and into the molten metal within the skin
s0 as to effect the stirring. Because the pipes are within
this field circulating currents are induced in the pipes,
which consequently screen off the stirrer’s field from
the strand. Conventionally, such water-cooling pipes
eject their sprays through nozzles projecting radially
from the outsides of the pipes, and this presents an addi-
tional problem in that when at the start of the continu-
ous casting operation the cold front descends 1t some-
times deviates from its intended traveling direction, and
in case the cold front hits the projecting nozzles they
can be damaged so that the desired water cooling of the
strand opposite the stirrer 1s terminated or at least 1s not
fully effective.

According to the present invention such water-cool-
ing pipes positioned transversely in front of the stirrer
and having the nozzles adapted to eject water-cooling
sprays forwardly towards the strand stirred by the stir-
rer, are arranged to form at least one set or system of
two water-cooling pipes positioned side-by-side trans-
versely in front of the stirrer. The two pipes are there-
fore directly in the magnetic stirring field projected
from the front of the stirrer. The two pipes have ends
extended transversely beyond the stirrer’s field and are

electrically isolated from each other and the stirrer

throughout the portions of the pipes between these
ends. These ends are electrically interconnected beyond
the stirrers field so as to form the two pipes into a closed
electric loop. In this way the net flow of currents in the
pipes 1s zero and the pipes do not screen off the stirrer’s
field at least to any substantial degree. A plurality of

these sets of pipes can be used.
Furthermore, to prevent nozzle damage in the event

of a wandering cold front the sides of the pipes facing
the strand are made with recesses in which the nozzles
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are 1nstalled with their front ends at least slightly below
the surfaces of the pipes. In this way the nozzles are
shielded from mechanical damage. The pipes them-
selves can be made strong enough to resist their dis-
placement.

The 1invention includes other details which will be-
come apparent from the following more detailed disclo-
sure which i1s aided by the accompanying drawings In
which:

FIG. 1 1s a side view showing the strand descending
past the stirrer and with the water-cooling pipes in
operation.

F1G. 1¢ 1s a schematic drawing showing the relation-
ship among the stirrer, a water-cooling pipe and the
strand.

FIG. 2 1s a schematic drawing showing the front of
the stirrer and the two water-cooling pipes with their
electrically interconnected projecting ends.

FI1G. 2a 1s a schematic drawing showing the relation-
ship between a water-cooling pipe and the strand.

FIG. 3 1s a cross section taken on the line A—A in
FIG. 1 and;

FIG. 4 1s similar to FIG. 3 but shows a modification.

In these drawings the stirrer 1 is shown with its field-
projecting front facing the strand 2 so as to inductively
stir molten metal 1n this strand which has just been
continuously cast by means of the usual mold (not
shown). The molten metal in this continuously cast
strand has not completely solidified and is to be induc-
tively stirred by the stirrer. One set of the two water-
cooling pipes 3 are positioned side-by-side transversely
in front of the stirrer between it and the strand and have
the nozzles 4 which are adapted to eject water-cooling
sprays forwardly towards the strand 2 being stirred by
the field formed by the stirrer. The two pipes have ends
3a extending beyond the field of the stirrer, the pipes
otherwise being necessarily in the stirrer’s field. The
pipes are supplied with pressurized water as indicated
by the arrow W in FIG. 1.

In FIG. 1 only one of the pipes 3 can be seen, the
other pipe being behind the one shown. In FIG. 2,
which is entirely schematic, the front of the stirrer 2 is
shown with the two pipes 3" and 3" being shown as
arranged side-by-side and parallel to each other. The
projecting ends 3a of these two pipes are electrically
interconnected as indicated at 5 so as to form the closed
electric loop in which the net flow of current induced
by the stirrer’s field is zero or substantially zero. Conse-
quently, the two pipes do not interfere with or shield
the stirrer’s field from the strand, at least to any signifi-
cant degree.

The two pipes must of course be made of metal and as
a further precaution are preferably made of a non-mag-
netic metal of high electric resistance. For example, the
pipes can be made from austenitic stainless steel.

It is possible to permit the pipes to directly contact
the face of the stirrer without obtaining circulating
currents, by coating the tubes at least on their sides
contacting the stirrer with aluminum oxide or the like so
as to provide electric insulation with adequate refrac-
tory characteristics.

In FIG. 1 the nozzles 4 are not shown other than to
indicate their locations, but in FIG. 3 the nozzles 4 as
indicated by the vertical lines 4 are installed in the bot-
toms of recesses 6 formed in the sides of the pipes facing
the strand. These nozzles can be conventional but
should not project beyond the outside surfaces of the
pipes 3. By positioning the nozzies in these recesses the
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- nozzles are mechanically protected. The design should

be such as not to interfere with the outwardly diverging
water sprays S ejected by the nozzles 3, the nozzle

design preferably providing sprays which contact the

entire side of the strand 2 opposite the stirrer.
In FIG. 1 the portions of the pipe 3 spanning the front

4

- shielded by the stirrer 1 against the water spray cooling

~normally extending for a substantial length of the strand

of the stirrer 1 are shown as being spaced from the
stirrer sO as to be electrically isolated from the stirrer

when the pipes are appropriately mounted and because

the two pipes are laterally interspaced with respect to

each other, they are electrically isolated from each
other. In FIG. 3 the pipes are shown as being in contact
with the front of the stirrer 1 and should therefore be
provided with the aluminum oxide electric insulation
between the pipes and the stirrers front, as previously
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mentioned. Such insulation i1s not shown in FIG. 3 be-

cause of the small scale of the figure.

- The strand faced by the stirrer can now be supplied
with large volumes of cooling water, and its heat radia-
 tion to the stirrer 1 is deminished. Although the stirrer
- 1 as conventionally manufactured is encased by a water-
- cooling jacket, further thermal protection is considered
redundant but desireable. Therefore, in accordance
with this invention, a flat refractory shield 7 is posi-
tioned 1n front of the stirrer and behind the pipes’ noz-
zles and so as to thermally shield the stirrer. Being elec-
~ trically non-conductive the shield 7 can be mounted by
the pipes 3 as indicated in FIG. 3. The shield can be a
flat plate of felted asbestos fibers or the like. It must
remain electrically non-conductive when wet by water
splashed backwardly by the strand’s surface or the inci-
dental steam. Although not shown, when the stirrer 1 is

in conventional continuous casting equipment. The

stirrer is well protected against radiation from the

strand by the shield 11 which incidently can be con-
structed of the material described in connection with
the description of the shield 7 in FIG. 3. In addition, the

sprays from the nozzles 10 eject directly against the

front or face of the stirrer 1 while the sprays 9 cool the
stirrer’s corners. | |

The manner in which the various pipes are mechani-
cally supported is not illustrated or described because it
is well within the skill of the art. The only requirement
is that the lengths of the pipes within the field of the
stirrer should be electrically isolated from each other
and the front of the stirrer so as to form the electrically

~ conductive loop resulting when the pipes projecting
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ends are electrically interconnected as indicated by
F1G. 2. This 1s necessary for the currents induced in the
set of tubes to cancel so that the net current flow is.

substantially zero and the stirrer’s field is not shielded

from the strand.
What is claimed is: o
1. A system for stirring in continuous casting forming
a traveling continuously cast strand having a skin con-
taining unsolidified metal, comprising a multiphase stir-

- rer positioned opposite to the strand and having a front

30

encased by the usual hollow walls through which cool-

ing water 1s forced under pressure, these walls can be
connected by suitable plumblng to supply the pipes 3
with the water they require.

However, there is an advantage in providing a sepa-
rate water supply for the pipes 3 because then if the
pipes’ water sprays should cease as might occur through
mechanical damage to the necessary plumbing, the nor-
mal water cooling of the stirrer 1 would continue and
the stirrer would not be put out of operation.

In the modification shown by FIG. 4 the cooling

tubes 3 between the cast strand 2 and the stirrer 1 are
shown with their recesses and nozzles indicated collec-
tively by the numerals 6a. Outside of the field of the
stirrer 1 two additional cooling pipes 8 are shown hav-
ing nozzles 9, which may also be recessed, pointing
towards the corners formed between the stirrer’s face
and 1its sides, and the pipes 3 are spaced from the front
of the stirrer and are additionally provided with nozzles
10, pointing towards the front of the stirrer 1. In addi-
tion, the radiation protection shield referred to is shown
at 11 as being in this case extending transversely and
angled towards the stirrer 1 so as to provide protection
for the stirrer’s corners.

Keeping 1n mind that assuming the stirrer 1 is the
standard type having a water cooled encasement, the
system shown by FIG. 4 provides maximum possible
protection. The strand 2 i1s sprayed in its area normally

35

facing the strand and forming a space between the front
and the strand, said stirrer projecting a field from said
front through said skin and into said unsolidified metal
and stirring said unsolidified metal, said front receiving
heat from said strand, at least one set of two water

cooling pipes positioned in said space side-by-side trans-

versely in front of the stirrer’s said front between said
front and said strand, said pipes being elecirically iso-

~ lated from each other and said front, said pipes being in
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said field and having circulating currents induced
therein by said field, both of said pipes having ends
projecting transversely beyond said field on both sides
of said field and means for electrically interconnecting
sald ends and forming said two pipes into a closed elec-
tric loop in which the net flow of said currents is zero
and do not interfere with said field, said pipes having
means for supplying them with pressurized water and
said pipes having nozzles pointing towards said strand
and ejecting cooling water against said skin and cooling
the skin as said strand travels opposite to said stirrer.

2. The system of claim 1 in which said pipes are made
of non-magnetic metal and have recesses in which said
nozzles are positioned and mechanically protected from
damage by said strand.

3. The system of claim 1 in which a refractory shield
of electrically non-conductive material is positioned in
front of the stirrer behind the pipe’s nozzles and so as to
thermally shield the stirrer.

4. The system of claim 3 in which the shield extends
flatly over the front of the stirrer and then angles over

the corners of the stirrer.
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